Background and Aims: this retrospective study was undertaken to examine the risks associated with obstruction of the coeliac trunk in the process of treating aneurysms with endografting.
In a similar way, the distal landing zone can be extended by covering the origin of the celiac trunk. This could potentially limit blood supply to the liver and upper intestines and could therefore be associated with increased risk for intestinal ischemia.
The objective of this report was to retrospectively evaluate the outcome in a group of patients in whom the celiac trunk was intentionally occluded in the process of endografting.
MATERIAlS AnD METHoDS
During the period 2001-2007 we treated a total of 120 patients with thoracic endografts. nine patients (9/120) (7.5%) had insufficient distal landing zones above the origin of the celiac trunk i.e. shorter than 20 mm. These patients had co-morbidities excluding them from open aneurysm repair and it was considered necessary to cover the celiac trunk origin in order to permit endovascular treatment.
InTRoDUCTIon
Endovascular treatment has evolved as the preferred treatment for patients with descending thoracic aneurysms (1). However, not all patients have vascular anatomies suitable for the endovascular technique. Sufficient proximal and distal sealing zones are mandatory for safe and successful endografting. Extension of the proximal landing zone can be done by covering the origin of the left subclavian artery, with or without carotid-subclavian by-pass.
Seven patients had descending aortic aneurysms, one had a penetrating aortic ulcer and one had an aneurysm of the celiac trunk. Two patients presented with rupture and the remaining patients had rapid aneurysm expansion. Mean aneurysm size was 82 mm and the mean age of the patients was 73 years (Table 1) .
In five patients preoperative angiography was undertaken to assess the presence of collaterals between the SMA and the celiac trunk and it's main branches (2) . To this end, the origin of the celiac trunk was temporarily occluded with a PTA balloon, while selective angiography of the SMA was performed. Rapid filling of the common hepatic artery via the gastroduodenal artery indicated sufficient collaterals ( Fig. 1 ).
Accurate distal placement of thoracic stentgrafts can be challenging, especially when there is significant aortic angulation adjacent to the landing zone. In some cases we inserted a catheter into the SMA as a marker of the distal end of the landing zone ( Fig. 2 ). In addition, this offers the option of stenting the origin of the SMA, if the aortic stentgraft unintentionally covers the ostium. In one case a giant Palmaz stent (Cordis Corp) was placed within the stentgraft, in the distal landing zone to prevent proximal migration ( Fig. 3 ). In another case, a custom made thoracic stentgraft with a distal fenestration for the superior mesenteric artery was used.
RESUlTS
Follow up. Follow up time is 14-56 months.
Mortality. There was no mortality within the first year after the procedure. Four patients died later during follow up. Two patients died from heart failure 30 and 41 months after treatment, and one patient from disseminated malignancy 44 months after treat-ment. All three of these patients had a decreased aortic diameter without endoleak on their last CT. one patient died after 21 months from a ruptured infrarenal aneurysm. This infrarenal aneurysm was 44 mm in diameter on the last CT and was not treated. Endoleaks. Three patients had distal endoleaks during follow up. Two disappeared after secondary interventions with a Palmaz stent. one persisted despite secondary treatment with a Palmaz stent. This patient later died from a ruptured infrarenal aneurysm.
Aortic aneurysm size decreased from 82 mm to 72 mm (mean) during follow up.
Paraparesis. one patient developed paraparesis of the lower extremities when her spinal drainage was removed on the second day after surgery. A new spinal drain was inserted and the neurological symptoms vanished.
Intestinal perfusion. no patient suffered from intestinal ischemia. However, 3 patients had temporary increase in hepatic enzymes. In these patients the levels of aspartate aminotransferase (ASAT) were 2-16 times higher than reference and the levels of alanine aminotransferase (AlAT) were 2-20 times higher than reference. Hepatic enzymes returned to normal in all patients before discharge.
DISCUSSIon
The main finding in this report is that by covering the origin of the celiac trunk, the distal landing zone for endovascular repair of aortic pathologies can be extended, and hence more patients can be treated with endografting. both planned and urgent procedures were included. In planned cases patent collaterals from the SMA to the celiac axis were demonstrated by angiography in advance. In emergency cases, the celiac axis was covered without prior collateral visualization.
Hostile distal neck is the second most common exclusion criteria for endografting of thoracic aortic aneurysms. It is reported that 4-15% of patients with descending aortic aneurysm have insufficient distal sealing zone (3, 4) . In our series we found that 9/120 (7.5%) had insufficient distal neck above the celiac artery.
The distance between the origin of the celiac trunk and the origin of the SMA is variable due to genetic factors, aging and aneurysmal distortion of adjacent vessel anatomy. Vaddineni et al. found that the additional sealing distance gained by covering celiac origin varied within the range of 9-25 mm (5) . Similar values are reported in anatomical studies. In the study of 34 cadavers Yahel et al. described a mean distance between celiac trunk and SMA of 15,2 mm (range 10-16 mm) (6) while Pennington and Soames found a distance of 9.2 ± 4 mm in a similar study of 15 cadavers (7) .
There are however some factors that have to be regarded as contraindications for celiac trunk covering. In patients previously subjected to gastric surgery potential collaterals might have been ligated. This decreases the ability to replace disrupted inflow from the celiac trunk and can result in gastric ischemia. Similarly, ischemia can arise in patients with previous embolization of the gastroduodenal artery. Stenosis or occlusion of the SMA origin has also to be taken into account. obstruction of the SMA inflow reduces collateral flow from SMA branches towards the liver and upper GI-tract. Flow through the pancreatico-duodenal arcade via the gastroduodenal artery is directly dependent on preserved lumen in the proximal SMA. CT angiography should preoperatively be undertaken and special attention should be directed towards patency and eventual stenosis of SMA and the inferior mesenteric artery (8) .
liver perfusion is dual. The liver receives blood from the liver artery as well as from the portal vein. Portal flow is an important factor for the liver´s ability to manage with reduced arterial flow. Therefore duplex ultrasound should be performed pre-operatively to confirm patency and right directed flow in the portal vein before considering coverage of the celiac trunk with a stent graft. An alternative is to perform a selective SMA angiogram with prolonged imaging to visualise the portal phase.
Hepatic artery ligation has been used as a treatment option in patients with liver malignancies such as highly vascular gastrointestinal endocrine tumors and in hepatic artery aneurysms. Reviewing the literature shows that embolization or ligation of the hepatic artery can be performed without serious ischemic side effects (9, 10) . Some patients responded by transient elevation in liver enzymes. one can speculate that this might be due to a transient ischemic response. lee (9) investigated 9 patients with unresectable primary and secondary malignancy of the liver by means of liver artery ligation distal to the gastroduodenal artery. They noted an increase of 5-60 times increase in lactic dehydrogenasse and transaminase after the procedure. However all elevated enzymes returned to preoperative values within one week. In our series, liver enzymes were transiently increased in 3 patients. This inconsistent finding might be due to differences in collateral capacity between patients. This is supported by the finding in one previous study with increased liver enzymes in some patients after celiac trunk covering (11) .
In the literature there are four previous publications on intentional celiac artery coverage with seven or more patients. Vaddineni et al and belenky et al reported on seven patients each without complications and with good clinical outcome (5, 12) . Waldenberger et al published a series of 10 patients (11) . one of their patients had transient signs of intestinal ischemia due to inadvertent partial coverage of the SMA. All symptoms resolved after secondary stenting of SMA. on the other hand, leon et al. compiled the experience from six referral centres with a total of 16 patients treated with intentional celiac artery coverage (leon 3). They had four patients with ischemic foregut complications, one of which had a normal preoperative balloon angiographic test.
In recent years endograft technology for fenestrated and branched stentgrafts has evolved, extending indications for aortic endografting further (13) . A fenestration or a scallop in the distal end of a thoracic stentgraft is an alternative to gain length in the distal landing zone. In one of our patients we used a distal scallop for the SMA origin. Such custom made stentgrafts are available from the CooK company (14) . Although an elegant solution, it has some drawbacks. Distal scallops can be very unpredictable in terms of rotational position and the angle between the aorta and the celiac trunk is usually disadvantageous for stenting fenestrations. Furthermore, these technologies are expensive and workup is time consuming. Emergency cases and patients with symptomatic aneurysms cannot wait months for custom made devices.
In summary, our experience support endografting of aneurysmal disease in selected cases with intentional coverage of the celiac trunk. Transient elevation of liver enzymes indicate borderline circulation to the liver in some cases and stress the importance of preoperative planning, including evaluation of the collateral circulation between the SMA and celiac branches and of portal vein flow.
